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INTRODUCTION
Spotted knapweed was introduced into the Pacific Northwest from Eurasia around 1900 (10). Although described as a pioneer species that thrives on dry disturbed sites (11), spotted knapweed has invaded over 1.8 million ha of range and pastureland in Montana (5).
It is recognized as an aggressive invader of range and pasture in the Northem Intermountain Region (4, 5, 7, 8).
Most of the land dominated by spotted knapweed occurs on range that formerly produced bluebunch wheatgrass [Agropyron spicatum (Pursh.) Scribn. and Smith] and/or rough fescue (Festuca scabrella Torr. in Hook). As higher successional grasses are replaced by lower successional forbs, runoff normally increases (2). Because initial observations indicated more bare ground and less litter under spotted knapweed than in bunchgrass communities, more runoff was expected on the knapweed-dominated sites. This report provides an evaluation of the influence of spotted knapweed on surface runoff and sediment yield under simulated rainfall conditions.
MATERIALS AND METHODS
A modified rainfall simulator was used to apply a controlled volume of rainfall to 24 65-by 65-cm plots 'Received for publication Jan. 6 An initial 30-min simulated rainfall was conducted on the unaltered site to measure the effect of vegetation cover plus soil surface characteristics on surface runoff and sediment yield. Vegetation was then clipped to a 0.85-cm height, and a second 30-min simulated rainfall was conducted to measure the effect of soil surface characteristics alone on surface runoff and sediment yield. Vegetation (standing dead and live matter) clipped from each plot was separated into four categories (perennial grasses, annual grasses, spotted knapweed, and other forbs), was oven dried at 65 C, and was weighed.
Although individual plots of each pair received similar quantities of rainfall, rate of rainfall varied between pairs from 2.5 to 7.6 cm/h. Variation in the rate was attributed to changes in air temperature and barometric pressure. These factors affected water flow within the rainfall simulator during data collection periods. This amount of rainfall represents about 48% of expected storm intensities in climates similar to the study area (1) .
Comparative runoff, infiltration rate, and sediment yield data between grass-dominated and spotted knapweed-dominated plots were analyzed in a paired T-test. The bias that resulted from applying different volumes of water to the paired plots was eliminated by using a covariate analysis. Multiple regression analyses were used to measure effects of various site characteristics on runoff and sediment production. Level of significance was set at 0.10 for all statistical analyses. The general regression model was:
surface runoff or sediment production = f(xi); i = 1 to 13 where the dependent variables (runoff or sediment) were hypothesized to be a linear function of 13 independent variables: foliar cover, litter, small rock, bare ground, perennial grass, annual grass, foliar cover plus litter, spotted knapweed, other forb, total vegetation, soil moisture, slope, and water applied. Statistical significance (T-test) was used to determine which explanatory variables should be retained in the regression model. Many of the independent variables were eliminated because they had no measurable effect on runoff or sediment yield.
RESULTS AND DISCUSSION
Surface runoff from the initial 30-min simulated rainfall on grass-dominated sites varied from 3 to 49% of the total volume applied. Runoff averaged 23% on these 12 sites (Table 1 ) and was less (P<0.10) than runoff from the sites dominated by spotted knapweed. Runoff from the initial 30-min simulated rainfall on spotted knapweed sites averaged 36% and varied from 1 to 67% of the total volume applied.
Surface runoff from the second 30-min simulated rainfall on grass-dominated sites varied from 16 to 66% and averaged 39% of the total volume applied (Table D TECHNOLOGY   Table 1 . Surface runoff and sediment yield on 12 grass-dominated and 12 spotted knapweed-dominated plots subjected to two consecutive 30-min simulated rainfall periods in November, 1987. The initial 30-min period was on the unaltered site to mease the effect of vegetative cover plus soil surface charcteristics, and vegetative cover was removed before the second 30-mm period to measure the effects of surface characteistics alone. This suggests that for each additional percent of ground cover on the site, sediment yield decreased by 4 kg/ha; for each additional percent of slope, sediment yield increased by 9 kg/ha; and, for each additional 1.9 cm of rain applied, sediment yield increased by 99 kg/ha. Each of the independent variables was significant (P<0.10). After the vegetation was removed (second 30-min simulated rainfall period), sediment yields were similar between the sites that produced bunchgrasses and those that produced spotted knapweed (Table 1) . Runoff was more difficult to predict than sediment yield. Although 31% of the variation in runoff was explained by the interaction of ground cover, slope, and amount of water applied, slope was the only significant factor (P<O.10) in predicting surface runoff.
Soil moisture before simulated rainfall varied from 4 to 12% and averaged 7% (Table 2) Surface runoff and interrill erosion are greater from spotted knapweed-dominated sites than from similar bunchgrass-dominated sites. Spotted knapweed invasion onto bunchgrass range is detrimental to the objectives of protecting topsoil and limiting sedimentation of reservoirs and water sources. Thus, environmental concem is justification to reduce infestations of spotted knapweed.
